The kinetics of anodic oxidation of zircaloy-2 and titanium have been studied at current densities ranging from 2 to 12 mAcm -2 at room temperature in order to investigate the dependence of ionic current density on the field across the oxide film. Thickness of the anodic films were estimated from capacitance data. The formation rate, current efficiency and differential field were found to increase with increase in the ionic current density for both zircaloy-2 and Titanium. Plots of the logarithm of formation rate vs logarithm of the current density are fairly linear. From linear plots of logarithm of ionic current density vs differential field and applying the Cabrera-Mott theory, the half-jump distance and the height of the energy barrier are deduced and compared.
Introduction
It is well known that when valve metals such as zirconium, its alloys and titanium are anodically polarized, interference-coloured oxide films are formed. Smooth and mechanically perfect anodic films can act as dielectrics in capacitors. The phenomenon of anodic oxidation plays a basic role in micro-circuitory 1 and in thin film methods 2 . Anodic films formed in suitable electrolytes and in suitable conditions have versatile applications as resistors, dielectrics, reflectors, rectifiers, semiconductors and photo anodes etc.
Gunther schultze and Betz 3 were the first to investigate the kinetics and mechanism of the anodic oxidation of metals. Temperature and current density were found to exert a marked influence on the anodizing characteristics of metals 4 such as Ti, Zr etc. Raghunath Reddy et al. 5 have reviewed the work in Zr-4 and Nb from various view points. Shobharani et al. 6 have similar results in growth kinetics of titanium.
In the present work, an attempt is made to study the effect of current density on the kinetics of formation of oxide films on zircaloy-2 and titanium in 0.1 M solutions of picolinic acid, sodium succinate and sodium methoxide. log dv/dt Effect of Current Density on the Anodic Behavior of Zircaloy -2 S13
Experimental
The specimens used in the present work were punched from 0.2 mm thick, annealed rolled sheet of zircaloy-2 supplied by Nuclear Fuel Complex, Hyderabad as gift sample and 99.98% pure titanium is gifted by Midhani, Hyderabad. zircaloy-2 is an alloy of zirconium with tin (1.20-1.70 Wt.%) and Chromium (0.05-0.15 Wt.%) as major impurities. The specimens had a working area of 1 cm² on each side and a tag 2 cm long. The specimens were polished to mirror finish by using chemical polishing mixtures, which considered of concentrated HF and HNO 3 for zircaloy-2 and HF, HNO 3 and H 2 SO 4 for titanium in definite volume ratios. Adams et al. 7, 8 and Willis et al. 9, 10 used chemically polished specimens which gave higher values for current efficiency at higher current densities. For anodization, a closed cell of 100 mL pylex glass beaker was used. The cathode was a platinum mesh of 20 cm² superficial area, specifically chosen to make the double layer capacitance as large as possible.
The constant current generator used was a stabilized power supply unit (powertronics, Hyderabad) capable of supplying constant current in the 0-100 mA range. Capacitance measurements were made with a digital LCR meter (Vasavi Electronics, Hyderabad). Current was measured on a digital milliammeter and the potential directly across the cell on a digital voltmeter. Thicknesses of the anodic films were estimated from capacitance measurements. For this, the constant current was interrupted at regular voltage increments (20V) by reversing a DPDT switch. An interval of about 30 s was allowed to lapse prior to reading capacitance data.
Results and Discussion

Formation rate -current density relationship
The kinetics of the anodic oxidation of zircaloy-2 and titanium were studied in 0.1 M solutions of picolinic acid, sodium succinate and sodium methoxide at constant current densities ranging from 2 to 12 mA cm -2 and at room temperature. The formation rate (dv/dt) was estimated from plots of formation voltages vs time drawn at each current density for these electrolytes. The plots of log formation rate vs log current density are found to be linear, as shown in Figure 1 values of the slopes and intercepts in the plots are given in Table 1 The linearity between log (dv/dt) and log .i. shows that they are related by the empirical relation, dv/dt = a(i) b
(1) Where, a and b are constants. A similar relationship was given by Vermilyea 11 for the dependence of dδ/dt on i for titanium, where δ is the thickness of the oxide film. The theoretical basis for the empirical relationship was given by Ammar 
Ionic current density and differential field strengths
The growth kinetics involves the study of variation of differential field with the ionic current density and calculation of kinetic parameters half jump distance (a) and height of the energy barrier (W) assuming that the rate determining step lies at the interfaces or within the bulk of the oxide. In the present study it was assumed that the highest energy barriers are situated at the interfaces and that the Cabrera-Mott theory was applicable. From plots of formation voltage rate, current efficiency, ionic current density and differential field (in case of titanium, unitary field) were calculated for zircaloy-2 and Zr-Nb (only for sodium methoxide) and titanium in the three electrolytes (Tables 3, 4 & 5) . The current efficiency and field strength can be seen to be increasing with increasing current density. Plots of log ionic current density (i) vs. unitary field (F) were drawn for each current density and were found to be fairly linear. 
Conclusions
The kinetic results are seen to have improved with zircaloy-2 in sodium succinate and picolinic acid when compared to sodium methoxide. Log-log relationship is found between the formation rate and current density. An exponential dependence of ionic current density on differential field was observed. The variations in half-jump distance and weight of the energy barrier are explained in terms of the movement of mobile ions via interstices and grain boundaries.
